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ABSTRACT 


This  report  contains  an  overview  of  all  phases  and  subphases  of  the 
Antitank  Missile  Test  (ATMT)  with  a detailed  discussion  of  the  analysis 
of  the  data  collected  during  ''ubphase  I!B.  The  purpose  of  ATMT  was  to 
determine  the  degradation  of  the  TOW,  DRAGON,  and  Shillelagh  missile 
systems  caused  by  target  vehicle  evasive  maneuvers.  The  target  vehicles 
used  In  all  subphases  were  the  M60A1  tank,  XM800  Scout,  and  the  XM808 
TWISTER.  The  ATMT  methodology  Includes  the  use  of  hybrid  missile 
simulations,  actual  gunner  tracking  error,  vehicle  evasive  maneuvers  in 
an  operational  environment,  and  data  collection  trom  field  testing. 

Thus,  the  field  test  provided  realistic  data  on  all  but  the  live  firing 
of  the  missiles.  The  verified  missile  simulations,  using  field  test  data 
as  input,  were  then  substituted  for  actual  live  firing. 

Results  of  the  analysis  of  the  data  collected  in  Subphase  IIB  are 
provided  in  three  areas:  1 ine-of-sight  pairings  with  firing  sequences, 
target  vehicle  velocity  and  acceleration  sunmaries,  and  relationships 
among  maximum  gunner  error  and  ta*"get  vehicle  motion. 


EXECUTIVE  SUMMARY 


1.  BACKGROUND.  The  Antitank  Missile  Test  (ATMT)  was  a two-phased  effort 
to  consider  the  two  basic  components  of  an  antitank  guided  missile  (ATGM) 
system,  the  launcher-man  system  (or  gunner  input)  and  the  missile-tracker 
system  (or  missile  input).  The  missile  systems  considered  in  ATMT  were  the 
TOW,  DRAGON,  and  Shillelagh.  Phase  I,  completed  in  December  1974,  identi- 
fied an  array  of  candidate  maneuvers  to  be  used  in  the  Phase  II  field  test. 
These  maneuvers  were  ranked  by  their  ability,  assuming  perfect  gunner 
tracking,  to  tax  missile  response  capabilities  to  the  greatest  degree. 

The  final  maneuvers  selected  for  the  field  test  were  variations  of  the 
serpentine,  swerve,  and  fast  turn. 

2.  PURPOSE.  The  Phase  II  field  test  and  analysis  was  designed  to  determine 
the  degradation  of  the  TOW,  DRAGON,  and  Shillelagh  ATGM  system  capabilities 
as  a result  of  target  maneuver. 

3.  OBJECTIVES, 

a.  Objecti ve  1 . Obtain  data  to  determine  if  ATGM  systems  can  track 
targets  that  are  executing  maneuvers  thought  to  be  limiting  to  the  technical 
capabilities  of  the  TOW,  DRAGON,  and  Shillelagh  systems. 

b.  Objective  2.  Obtain  aiming  error  data  to  determine  if  tanks  with 
conventional  weapons  systems  can  engage  the  same  type  of  maneuvering  targets. 

Objective  3.  Provide  data  that  may  be  used  to: 

(1)  Develop  product  improvements  for  existing  antitank  conventional 
and  guided  missile  systems. 

(?)  Dev(!lo()  fol1ow-on  regui rements  for  antitank  systems. 

(3)  Improve  antitank  and  armior  crew  programs  for  training. 

(4)  Assist  in  imfjroving  existing  combat  simulation  models. 

(f)  Evaluate  effects  ot  target  vehicle  mobility  on  gunner  tracking 
performance. 

4.  SCOS’E  or  EXPERIMENT. 

a.  [he  Ptui'.e  11  iina lysis  was  conducted  f)y  subuhase.  Tlii  s report  con- 
tains the  suininary  uf  the  analysis  for  Gubpleise  IIR  and  is  unclassified. 

Idle  suinnia.ty  of  tE’:-  ,in<il/si;,  of  the  remai  ni  nrj  suf)|)hases  is  tjeing  ;n!bl1shed 
by  AMjAA  as  .i  sepatMte  volume  and  is  classified  '.LCRET, 

t).  f a.(  li  missile  sy,  leiM  undee  oons  ideriit  i on  (.ontin'MS  an  infrared  (IR) 
source  on  tfi"  mi:,  ; ile,  Ihe  tunitiuri  of  ttif'  IR  source  i to  allow  tite 
mis.sile  ti'acEur  to  sen  ,(•  any  di  soreparuy  between  tiie  missile  flight  iiath 


1 1 1 


and  the  line  of  sight  established  by  the  gunner.  a discrepancy  is 
detected,  a corrective  command  is  automatically  transmitted  to  the  missile. 
In  lieu  of  firing  live  missiles,  the  ATMT  method  *ic)gy  measured  gunner 
error  via  the  corrective  command  generated  by  the  missile  tracker.  To 
capture  gunner  error  instead  of  corrections  to  the  ATOM,  an  IR  beacon  was 
mounted  on  top  of  the  target  vehid  s so  that  it  was  visible  from  all 
aspects.  The  error  signal  generated  was  the  difference  between  the  tracker- 
beacon  line  and  the  gunner's  aim  line.  With  the  bias  for  beacon  mounting 
position  removed,  this  error  signal  became  the  gunner  tracking  error  from 
the  ideal  aim  point. 

c.  Subphase  IIA  was  designed  to  evaluate  gunner  tracking  when  target 
vehicles  performed  exact  imitations  of  the  mathematically  generated 
maneuvers  selected  for  field  testing  in  Phase  I.  Each  path  was  visually 
marked  for  drivers  of  the  target  vehicles.  Vehicle  paths  consisted  of 
from  two  to  four  maneuvers  connected  by  50-meter  straight  stabilization 
segments.  At  no  time  was  line  of  sight  broken  between  the  weapon  systems 
and  the  target  vehicles. 

d.  Subphase  IIB  was  the  most  operationally  oriented  approach  to 
evaluating  evasive  maneuvers.  Drivers  of  the  target  vehicles  were  in  a 
free-play  mode,  which  allowed  them  to  utilize  terrain  and  cover  to  break 
line  of  sight  while  traversing  the  required  terrain.  Gunners  indicated 
times  at  which  they  felt  weapons  should  be  fired. 

e.  Subphase  IIC  employed  the  three  maneuvers  from  Subphase  IIA,  the 
swerve,  fast  turn,  and  random  serpentine.  As  in  Subphase  IIA,  continuous 
line  of  sight  was  maintained  and  SO-meter  straight  stabilization  segmouis 
between  maneuvers  were  used.  However,  drivers  were  told  the  sequencf'  of 
maneuvers  to  execute  and  the  avenue  of  approach  to  take.  They  thu.  (Ut 
formed  their  interpretation  of  the  required  maneuvers. 

f.  The  target  vehicles  used  in  all  three  subphases  were  th<'  ;,r  ;/\l 
tank,  XM800  Scout,  and  the  XMB08  TWISTtR. 

5.  SUBPHASf:  liB  ANALYSIS. 

a.  Ideally,  the  analysis  of  tfie  IIB  data  would  have  consisted  of 

missile  simulations  using  the  actual  gunner  tracking  record,  tfie  gunner 
firing  times,  and  the  target  vehicle's  recorded  p-stft.  However,  betause  of 
the  1 ine-of-si ght  interruptions,  signifieant  difficulties  were  encountered 
early  in  the  effort  to  di<)iti/e  the  analog  gunner  error  data  from  tins  sub  ■ 
phase.  In  addition,  this  effort  would  iiave  included  data  atuj  AMSAA's 

antitank  inissile  simulations  could  not  h<>ve  bi'en  used  vlurinn  in'oaks  in  IDS. 
Therefore,  the  decision  was  made  not  to  digitize  the  an.ilosi  <iata, 

b.  Since  the  mis.sile  siimjlations  could  not  i)e  [lertorinc'd,  tin;  IIB 
anal'.'sis  was  revisei.l.  Tills  revision  rocuse'd  on  three  main  s^f’fort  ., 

(1)  A line  of  sight  (lOS)  analysis  to  iletf'nnine  tiie  [a  (ilialai  i i ! y , 
displayed  in  the  field  experiment  data,  ot  successfully  tratkiriii  tin  t.irget 


vehicle  from  the  simulated  Firing  time  to  the  projected  impact  time  without 
losing  LOS. 

(2)  An  analysis  of  the  velocities  and  accelerations  of  the  target 
vehicles  to  portray  their  performance  in  the  field  experiment,  for  potential 
comparison  against  their  projected  capabilities. 

(3)  An  analysis  of  maneuver,  velocity/acceleration,  and  rav/ 
tracking  data  to  identify  any  observable  correlations  in  that  data. 

6.  CONCLUSIONS. 

3 • Li ne-of-S ight  Analysis. 

(1)  A maneuvering  target  vehicle  that  utilizes  terrain  and  vegeta- 
tion characteristics  has  the  capability  to  impose  an  appreciable  number  of 
missile  abort  situations.  The  frequency  and  duration  of  target  vehicle  LOS 
interruptions,  density  of  the  vegetation,  and  range  from  tlie  t rget  to  the 
gunner  are  influential  parameters  in  producing  these  missile  abort  situa- 
tions . 


(2)  TOW  gunners  were  best  able  to  perceive  the  probability  of 
unobstructed  line  of  sight  at  both  the  time  of  indicated  firirig  and  at  the 
projected  time  of  missile  impact  (LOS-LOS  combination)  in  the  firing  and 
Impact  sequence  at  ranges  less  than  1,600  meters.  As  the  range  increased. 
Shillelagh  gunners  fr'om  both  the  M551  and  M60A2  had  the  best  perception 

of  the  lUS-LOS  probability  whei.  firing. 

(3)  It  appeared  that  the  XMB08  TWISTER  was  the  target  vehicle  that 
most  successfully  disrupted  the  LOS-LOS  combination  of  the  DRAGON  and  TOW 
gunners  firing  and  im()act  sequences.  The  Shi-lelagh  gunners,  from  both  the 
M551  and  Mf)0A2,  had  more  difficulty  achieving  the  LOS-LOS  combination 
against  the  XM800  Scout  than  against  the  other  tvio  tar'g 't  vehicles. 

ti.  Target  Vtjlucities  atKl_;^(;eeleratiuns  . 

(1)  The  L i ve  and  r.uigt'  froiii  vdii  i a gunner  observa”,  a 

liianeuver  i ng  target,  s i ijn  i f i can  tl  y ittfocts  the  aa.ount  of  target  mot.ion  [U'e- 
'.rntinl  1(1  tfie  (luiinin'. 

(?)  TTie  avi'tsigo  vehicle  velocities  aiu!  at.ce  1 erat  i ons  demons  t ra  tr  d 
i.)ii  L ross -(Ouiit.r  y l.fnr'air,  are  lower  than  miijht  t.u'  exiiected  cons  i dt.'ri  rej  [.ler- 
fonnarHe  '..tandard',  .t.iti.Ml  tot  the  vehiilos. 


t ht- 


(!)  itie  i!  I I I t.'i'eiK  e-.  ,iniuin)  mean  V(‘ 1 oi  i t,  i ('s  and  .u  i.fl  era  t i ote  ito 
diftio'ent  r.i.rin  ! vehis  le--.  .us'  not  a',  proiuranced  a>;  iiriijht  In'  e,\|'ested. 

( . I'el  .1 1 i on  . fi ; j'  at  Ma>iinuin  iiunner'  Error  witt'.  fatsjct  Veh>(  If'  Mot  inti. 


V 


(1)  Under  operational  conditions  and  with  the  analysis  techniques 
used,  target  vehicle  velocities  and  accelerations  show  little  relationship 
with  large  gunner  errors. 

{?.)  No  maneuver  appears  to  be  any  more  significant  at  causing 
major  errors  in  gunner  tracking  than  any  other  maneuver.  In  fact,  maneuver 
alone  cannot  be  considered  as  a cause  for  significant  gunner  error. 
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1.  INTRODUCTION, 
a . K a c I j r_qLi  n d . 

(1)  In  Aiiqust  1973,  interest  was  generated  at  Department  of  the 
Army  in  the  capability  of  a maneuvering  target  to  degrade  the  effectiveness 
of  US  antitank  guided  missile  (ATOM)  systems.  This  interest  was  a result 
of  a limited  number  of  live  firings  of  inert  ATGM  against  an  evasive  target 
in  the  Tactical  Effectiveness  Testing  of  Antitank  Missiles  (TETAM)  program. 
The  Combined  Arms  Combat  Developments  Activity  (CACDA)  bccciiie  the  Training 
and  Doctrine  Command  (TRADoc)  proponent  of  a test  program;  and  in  January 
1974,  a multiphased  test,  involving  the  efforts  of  CACDA,  Army  Materiel 
Systems  Analysis  Activity  (AMSAA) , Combat  Developments  Experimentation 
Command  (CDEC),  and  Missile  Readiness  Command  (MIRCOM,  formerly  MICOM),  was 
approved.  The  test  methodology  integrated  hybrid  computer  missile  simula- 
tions, field  test  data,  and  a knowledge  of  the  ATGM  systems  and  their 
engagement  processes  wliile  allowing  detailed  Investigation  of  various  ATGM 
engagement  .se(|uences  witl)Out  the  firing  of  "live"  missiles. 

(2)  A two-phased  effort  was  initiated  to  consider  the  two  basic 
components  of  an  ATGM  system;  the  launcher-man  system  (or  gunner  input) 
and  the  tracker-missile  system  (or  missile  input).  The  missile  systems  con- 
sidered in  the  Antitank  Missile  Test  (ATMT)  study  were  tne  TOW,  DRAGON,  and 
Shillelagh.  Pfiase  I of  ATMT  was  completed  in  December  1 974  and  was  pub- 
lished as  an  Interim  Note  by  AMSAA  (reference  1).  The  Phase  II  analysis 
was  conducted  by  subphase.  This  report  contains  the  summary  of  the  analysis 
tor  Subphase  IIB  and  is  unclassified.  The  summary  of  the  analysis  of  the 
remaining  subphases  is  beino  published  by  AMSAA  as  a separate  volume  and  is 
classified  SECRET. 

b.  Phase  I Summary. 

(!)  Tlie  purpose  of  the  Pliaso  I effort  was  to  identify  an  array  of 
(.andidrite  (iuineuv(!rs  lo  be  used  t)y  the  target  vehicles  in  the  Phase  II  field 
resting.  These  rrianeuvors,  once  identified,  were  ranked  by  their  ability  to 
tax  missile  reS()ons('  Ciipat)i  1 i ties  to  the  greatest  degree. 

(2)  the  missile  systems  considered  in  ttio  study  detect  file  missile 
.li s p 1 dcement  off  tlie  line  of  sigtit  (LOG).  From  those  data  corrective  com- 
mand signals  arc  generated  to  bring  the  snissile  back  to  the  LOS.  The  feed 
forward  commands  proportional  to  the  LOS  rates  are  generated  in  the  TOW  and 
Shillelagh  systeiir.  to  provide  the  Coriolis  lateral  acceleration  component. 
The  feed  forward  command  required  by  the  missile  systems  to  remain  on  the 
LOS  would  be  the  uti  i y command  required  if  the  target  were  traveling  on  a 
circular  path  of  (.onsfant  radius  to  the  tracker  at  a constaet  speed, 
res.ul  t i r:g  in  an  IT'S  angular  acceleration  of  xerc  ; but  when  tliat  acceleration 
is  not  zero  Ijei.au'.e  of  farejet  act  e1  erat  i on , the  sensitivity  of  the  error 
sensing  looii  of  tl’e  missile  tr'acker  to  [ OS  acceieration  determines  the 
sidgn  i tudf'  of  ttie  missile  error  ^reference  2). 

( i ) It)  e';i),eu  (■  the  potential  survivability  of  a target  by  iiianeuver, 
the  v(;Mii(  |i'  should  s.oiJs"  li  ccotingai  acceleration  of  the  1,0;).  Ibis  may  l.)e 
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accomplished  by  several  methods,  the  simplest  being  to  use  the  inherent 
internal  acceleration  capability  of  the  target  vehicle.  A second  alterna- 
tive is  to  arrange  or  vary  the  geometry  of  the  course  traveled  by  the 
target  vehicle  so  that  a constant  speed  target  has  apparent  acceleration 
with  respect  to  the  missile  traxker.  The  LOS  may  also  be  accelerated  by  a 
combination  of  both  internal  vehicle  acceleration  and  course  geometry.  This 
combination  more  accurately  represents  the  situation  expected  in  a battle- 
field environment,  but  since  the  acceleration  capabilities  of  the  types  of 
targets  considered  provided  no  significant  advantage  when  compared  to  the 
apparent  acceleration  resulting  from  the  course  geometry,  the  majority  of 
the  maneuvers  investigated  considered  the  target  velocity  to  be  constant. 
Specifically,  mne  types  of  maneuvers  were  investigated.  They  were  as 
follows : 

0 START 
0 STOP 
0 STOP/START 
0 FAST  TUP-.N 
0 S TURN 
0 SWFRVt 
0 SERPENTINE 
0 RANDOM  SERPENTINE 
0 ZIG  ZAG 

Complete  descriptions  and  diagrams  of  the  maneuver  types  are  included  in 
appendix  A.  Each  basic  target  maneuver  was  varied  by  range,  target  aspect 
angle,  velocity,  and  the  timing  of  missile  firing  within  each  maneuver. 

(4)  To  assess  the  capabilities  of  these  maneuvers  to  degrade 
missile  respor:si veness , AMSAA  constructed  analog  computer  simulations  of 
the  three  antitank  missile  systems  that  duplicated  those  simulations 
developed  by  the  prime  contractor  for  each  system  (references  3,  4,  5,  and 
6).  Because  the  ATGM  systems  are  command- to-LOS , the  miss  distance*  for  a 
missile  in  terminal  flight  is  a combination  of  the  deviation  of  the  missile 
from  the  LOS  (missile  error)  and  the  deviation  of  the  LOS  from  the  tar(jet 
(gunner  error).  To  investigate  the  effect  of  the  maneuvers  on  missile 
responsiveness,  the  gunner  error  was  assumed  to  he  zero.  3y  cons i deri  rnj 
only  perfect  gunner  tracking  the  LOS  was  always  coincident  witli  the  target 
line,  and  the  missile  error  became  the  miss  distance.  Tlie  LOG  iingular  r.itt* 
history  of  the  maneuvering  target  relative  to  the  missile  tracker  was 
entered  into  the  simulations  as  a forcing  function  to  estahlish  niissilf* 
flight,  profiles.  These  flight  profiles  represent  the  missile  dev  i a i.  i ons 
from  the  moving  LOS  as  a function  of  time  and  are  a me.isure  of  th'- 


effectiveness  of  the  manei'ver  in  keeping  the  missile  off  the  LOS  and  off  the 
target  at  projected  impact.  From  the  collected  data  the  candidate  maneuvers 
wore  then  ranked  by  their  effectiveness,  and  those  being  most  effective  were 
selected  for  use  in  the  field  trials  (figure  1). 

c . Phase  II  Purpose  and  Objectives., 

(1)  Purpose.  Determine  the  degradation  of  the  TOW,  DRAGON,  and 
Shillelagh  ATGM  system  capabilities  as  a result  of  target  maneuver. 

(2)  Objectives. 

(a)  Obtain  data  to  determine  if  ATGM  can  track  targets  that 
are  executing  maneuvers  thought  to  be  limiting  to  the  technical  capabilities 
of  the  TOW,  DRAGON,  and  Shillelagh  systems. 

(b)  Obtain  aiming  error  data  to  determine  if  tanks  with  con- 
ventional weapons  systems  can  engage  the  same  type  of  maneuvering  targets. 

(c)  Provide  data  that  may  be  used  to; 

1_.  Develop  product  improvements  for  existing  antitank 
conventional  and  guided  missile  systems. 

2_.  Develop  follow-on  requirements  for  antitank  systems. 

2-  Improve  antitank  and  armor  crew  programs  for  training. 

4.  Assist  in  improving  existing  combat  simulation  models, 

5.  Evaluate  effects  of  target  vehicle  mobility  on  gunner 
tracking  performance. 

2.  EXPERIMENTATION  DESIGN  DESCRIPTION. 

d.  Tl!(‘  ld''ld  :est,,  Tlie  test  was  conducted  t)y  CDEC  at  Fort  Hunter 

liggett,  Ciil  i loriii  a during  October- December  197S  in  three  subpiiases.  The 
subphase'.  (.orrespomied  to  the  aiiiount  ot  experimi^ntal  control  exercised  over 
the  target  maneuver  and  were  a:>  follows; 

(1)  Subphdse  IIA  was  designed  to  evaluate  gunner  tracking  when 
target  vehicles  performed  exact  imitations  of  the  mathematically  generated 
maneuvers  s‘'lectcd  for  field  testing  in  Phvise  I.  Each  path  was  visually 
marked  for  drivers  of  the  fanget  vehicles.  Vehicle  paths  consisted  of  from 
two  to  four  nmtuMivers  lointiin  to'd  E>v  'jO-meter  straight  stabilization  segments. 
At  no  time  wis  line  of  'right  hroktni  between  the  wea[)on  systeiiis  and  th(' 
target.  v('tii  c 1 f”,  . 

( d ) Siii)p!i,i',i  III;  wa', 
f'V a 1 u a t i n i c s o . i ■ , i rieuv ei'S  . 
frer-jilay  mode,  whii  ii  allov/id 

t 


tlie  mo'.t  o[)era t i otia  1 1 y orient  t'd  a|)pi'Odcli  to 
Drivers  of  the  target,  vetiirltr;  were  in  a 
t-hi'in  to  utilize  fert'ain  .nid  cover  to  iireak 


e— 'll 


line  of  sight  while  traversing  the  required  terrain.  Gunners  indicated 
times  at  which  they  felt  weapons  should  be  fired. 

(3)  Subphase  IIC  employed  the  three  maneuvers  from  Subphase  IIA: 
the  swerve,  fast  turn,  and  random  serpentine.  As  in  Subphase  IIA,  con- 
tinuous line  of  sight  was  maintained  and  50-meter  straight  stabilization 
segments  between  maneuvers  were  used.  However,  drivers  were  told  the 
sequence  of  maneuvers  to  execute  and  the  avenue  of  approach  to  take.  They 
then  performed  their  interpretation  of  the  required  maneuvers. 

(4)  Hereafter  in  this  report,  the  subphases  are  referred  to  only 
as  IIA,  IIB,  and  IIC. 

b . Design  Variables. 

(1)  Controlled  variables. 

(a)  Width  of  maneuver  path  for  IIA. 

(b)  fifty-meter  stabilization  segment  between  maneuvers  for 

IIA  and  IIC. 

(c)  Gunner  skill  level . 

(d)  Gunner  fatigue. 

(e)  Target  vehicle  and  driver  performance. 

(2)  Uncontrolled  variables. 

(a)  Meteorological  conditions. 

(b)  Mechanical  malfunctions. 

(c)  Terrain. 

(T)  I ndf'|)eri(l(‘iit  variai)l(‘s. 

(a)  Antitank  weapons  systems:  the  DRAGON,  TOW,  Shillelagh 
mounted  on  tioth  trie  MSS  I and  ttio  MGOA.?,  and  the  M6QA1  main  gun. 

(h)  Rangi*  trands. 

( L ) Maneuvers  . 


TWISTFR. 


(il)  largiM.  vehicles;  M6UA1  tank,  XMOOO  Scout,  and  XHROH 


(4)  Dependcii!  var  i .a  b 1 es  . 

( d ) I .nnrii’t'  I rat  k i lui . 


(b)  Gunner  firing  events. 

(c)  UTM  coordinates  of  target  vehicle, 

(d)  Line-of-sight  events. 

(e)  Target  vehicle  elevation. 

Instrumentation  and  Data  Collection. 

(1)  Data  collected  during  each  of  the  subphases  included  the 
fol lowing; 


(a)  The  X and  Y coordinates  of  the  target  vehicle  were  col- 
lected at  approximately  0.1  second  intervals.  Values  were  measured  by  a 
Range  Measuring  System  (RMS),  which  determined  the  range  of  the  maneuvering 
elements  from  known  survey  points  and  fed  the  data  into  a computer  for 
position  location  calculations.  The  computer  compared  ranging  data  to  the 
predicted  location,  based  on  previous  pollings,  to  filter  bad  sensings. 

When  polled  data  varied  significantly  from  predicted  locations,  diagnostic 
messages  were  produced  to  permit  invalidation.  The  nominal  accuracy  of  this 
system  is  i 5 meters,.  The  RMS  consisted  of  four  cooperative  elements.  The 
A-stations  interrogated  the  B-units  (transponders)  for  messages  and  deter- 
mined the  slant  ranges  as  a function  of  propagation  time.  One  3-unit  was 
mounted  on  each  target  vehicle.  The  C-station  was  the  controlling  element 
that  determined  what  transmissions  would  take  place  and  formated  the  data 
into  and  out  of  the  XFS930  computer.  The  D-station  was  a relay  link  between 
the  C-stations  and  A-stations. 


(b)  Since  no  missiles  were  fired  during  the  exper''*  v.l  , th.ere 
were  no  missile  sources  to  detect  j therefore,  to  measure  the  t.^-u:king 

error,  the  missile  guidance  system  for  each  weapon  system  w-  . : eel.  The 

missile  tracker  recorded  the  displacement  of  the  gunner's  : i • froiii 

the  infrared  source  mounted  on  each  target  vehicle,  Bet.iu,  ^ ;.he  infrared 
source  was  not  collocated  with  the  ideal  aim  point,  corrections  to  the 
recorded  displacement  were  required  to  eliminate  tin's  bias  following  the 
experiment.  Data  collection  was  accomplished  with  a modified  Shillelagh 
trainer  beacon  detectable  i)y  .intitank  missile  system  trackers  out  to  ranges 
beyond  3,000  meters.  A two-position  switch  permitted  ra[)id  cliange  frr.im 
frequencies  detectable  by  the  atiillelagli  system  to  those  detectable  by  TOW 
and  DRAGON  systems. 


(c)  Administrative  control  data,  such  as  trial  i den  t i fi  ca  t.i  on  , 
maneuver  events,  and  start  and  sto[i  times,  were  collected.  Tliis  was 
accomplished  Ijy  a v(.)ic('  r-ecording  systeii'  (VR'.  Ill),  a sel  f - rout  a i ruMl 
recordiruj,  tifin'rig,  atid  playback  facility  mounted  i ti  a (.  1 iiiia  t i (.a  1 1 / i on- 
tr’olled  si’iiti  tra  i 1 e>' . I ti  i s tern  itruvided  the  lapability  of  re>(»i<liu:|  uj)  to 
48  voice  data  cfiatinels  on  eiijht  /-(  haunel  tape  n'curder-,  . liie  seventh 
ciidttnel  on  eat.ii  tape*  deck  reti.irded  ! ut  C'rrsmqe  lustruimuitut  ion  (uuup  ( 1 R ! fi ) 
time,  Format  B.  I'he  time  base  Wiis  input  ! re.ii  a Range  gy,  tern  ( (H  S ) , 
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synchronized  with  Radio  Station  WWB  at  Boulder,  Colorado  which  radiates 
IRIG-B  time  throughout  Fort  Hunter  Liggett. 

(d)  Calibration  data  needed  to  convert  the  gunner  tracking 
error  signal  to  angular  error  from  the  specified  aim  point  was  also 
obtained.  These  data  consisted  of  readings  taken  at  zero  and  plus  and  minus 
one  mil  deviations  from  the  aim  point. 

(2)  All  data  were  time-togged  so  that  correlation  of  data  could  be 
made  on  a time  basis.  Additional  data  collected  for  IIB  included  times  at 
which  simulated  firings  occurred  and  times  at  which  line  of  sight  was 
interrupted,  partially  interrupted,  and  regained.  This  was  accomplished 

by  the  VRS  III  and  by  locating  a B-unit  at  the  antitank  weapon  systems 
position  and  feeding  all  firing  event  data  into  that  unit.  After  all  data 
were  collected,  elevations  corresponding  to  the  X,Y  coordinates  of  the 
target  vehicles  were  obtained  by  cubic  spline  interpolation  from  aerial 
survey  data  for  10-meter  grids. 

(3)  A more  detailed  and  complete  description  of  the  field  test 
procedures  is  available  in  the  field  test  final  report  published  by  CDEC 
(reference  /). 

3.  SUBPHASF.  IIB  OVFRVIFW. 

Background . Subphase  IIB  was  designed  to  gather  data  under  con- 
ditions similar  to  a tactical  situation.  Gunners  were  required  to  track  an 
evasive  target  under  intermittent  LOS  conditions  and  to  indicate  times  at 
which  they  felt  wea()ons  should  be  fired.  Each  target  vehicle  driver  was 
directed  to  follow  a general  avenue  of  approach  but  was  allowed  to  maneuver 
f'reely  and  make  maximum  use  of  terrain.  The  only  exception  was  that  each 
driver  was  instructed  to  break  LOS  at  least  once  during  each  trial  for  a 
minimum  time  period  of  15  seconds.  One-quarter  of  the  trials  were  started 
with  the  taeqet  vefiicle  out  of  LOS.  It  was  iioped  that  data  collected  under 
sucii  operational  conditions  might  yield  additional  insights  into  the  anti- 
tank missile  engagement  process. 

(1)  Table  1 displays  the  Sub[)tiase  JIB  experimental  design  and  the 
number  of  valid  trials  coMi[)leted  in  each  cell.  Note  that  the  same  weapon 
systtans  and  iargel  vehicles  are  considered  as  in  Subphases  IIA  and  ilC. 
Howevff,  til"  loot  rarnje  bands  were  collapsed  by  combininq  ratige  bands  1 and 
7 and  rafige  l),)ii!]',  ! aicl  4.  Trial  sets  then  co.nsisted  oi  traversing  terrain 
C(jrres pond i ng  to  i.hc'S('  expanded  range  limits.  The  new  rsinge  limits  were 
?0()  to  1 , iOO  meters  tor  range  bands  1 and  ? and  1,600  to  4,000  meters  for 
rsitrje  banns  ( and  4 . 

(i’)  i igure  7 is  a copy  oi  a coiii|Miter  grapliics  display  of  Mir  terrain, 
rt'pra'soiif  i:'!  by  1 , bnO-iii.'tcr  grid  sguares,  on  whicfi  all  I 1 li  trial  sets  were 
piS'rfonned.  i'd',  i t j orr.  A and  ti  maid,  the  atgiraix  ima  f c loiii  lions  of  fiie  vns)  [ions 
sysleis.  toi'  rango  fiaods  I and  3 and  3 and  4,  resj.H.‘ct,  i vel  y . liii'  gunner 
posiMoir  wcf'  loi.al.eif  on  ridges  overlooking  the  large  central  valley,  atrf 
tlu'  target  '.'ohi'.  I es  m.rneuvered  in  suuthca  s fer  1 y direr  ti  m fowarr]  tfic 


yfl li iifttl'f  y in  au'..: 


weapon  positions.  Figure  3 displays  the  terrain  as  viewed  from  a ’''ow  ATOM 
location  at  position  A.  The  view  from  a TOW  ATOM  site  at  position  B is 
portrayed  in  figure  4.  The  grid  squares  in  both  figures  3 and  4 are  50 
meters  each.  Note  that  the  elevation  is  exaggerated  by  a factor  of  3. 

b.  Data  Collection. 

(1)  Data  regarding  the  target  vehicle  position-location,  gunner 
tracking,  and  basic  administration  of  the  trial  were  collected  as  in 
Subphases  IIA  and  IIC;  but  because  IIB  required  the  recording  of  gunner- 
firing  times  and  information  concerning  the  intervisibility  between  weapon 
and  target,  additional  data  collection  procedures  were  specified. 

(a)  Changes  in  LOS  conditions  were  recorded  by  controllers, 
collocated  with  the  ATOM  systems,  by  generating  a signal  to  the  RMS  B-units. 
Recorded  signals  Indicated  "no  line  of  sight"  (NLOS)  when  the  vehicle  was 
totally  obstructed  from  view,  "intermittent  line  of  siglrt"  or  "intermittent 
vegetation"  (IV)  when  the  view  of  the  vehicle  was  partially  obstructed 
because  of  vegetation  or  terrain,  and  "line  of  sight"  (LOS)  when  the  vehicle 
was  in  unobstructed  view. 

(b)  For  the  collection  of  firing  data,  the  weapon  systems' 
firing  switches  were  wired  directly  to  the  RMS.  Thus,  when  a giinner 
squeezed  the  trigger,  a fire  event  was  automatically  recorded. 

(2)  Ideally,  the  analysis  of  the  IIB  data  would  consist  of  r;i:ss'ile 
simulations  using  the  actual  gunner  tracking  record,  the  gunner  firing  times, 
and  the  target  vehicle's  recorded  path.  Such  ar.  analysis  would  yi  ■](  an 
operational  probability  of  hit  subject  only  to  the  limited  ,;;!)i1'‘ 
generalize  imposed  by  the  specific  terrain  and  tactical  situ.m  ■ i,w.  ’cr, 

a dilern’Do  occurred  in  defining  the  tracking  records  of  giinn'  i . , ,i  if 

the  1 i ne-of-si ght  interruptions  in  IIB,  significant  dittii  ; -e 

encountered  early  in  tiie  effort  to  digitize  the  analog  gn*  > t nr  (hita 
from  this  subphase.  Large  variations  in  ttie  recording  o,  si'jrials 

at  the  beginning  and  end  of  1 i ne-of- s ight  segments  among  guntiers  in  the 
same  trial  we!-e  u major  problem.  Since  the  tracking  signal  relicil  on  the 
antitank  missile  guidance  systcan,  rather  than  the  gunner'',  optic,,  siany 
causes  could  be  hyp(>  t hes  i zed  for  sut  h,  i neons  i s t«‘tu  i es  In  fhc  rei.ording  from 
one  gunner  to  another.  In  the  process  of  reaeguirintj  a t,irg'-t  ’.eliicln 
following  a break  in  line  of  S’ghl,  th('  gunner  may  have  iiad  tdie  (lU'ief  in 
optical  line  of  S’ght  (irior  to  having  t,,h('  target  within  view  o:  i I.e  beacon- 
tracker  system.  Conversely,  t tie  gunner  may  have  tieen  rtH"ivintj  .i  .ignal 
from  the  beacon- track  1 ng  system  prior  to  mentally  perceiviriv)  ttm,  tne 
vehicle  was  back  1n  line  of  sight.  Sucti  i neons  i s tern  ies,  and  ttie  in,.iiMlity 
to  di  s t i rniu  i ti  among  their  origins,  yielded  data  less  th.oi  do'-ir.d.le  lor 
AMSAj'I's  use  in  the  antitank  missile  simulation-..  Wtien  1 O',  is  lost  , the 
tieicc.n  i,annot  Lk.'  triu.keil,  ct'i.Mting  d.ita  g ip-.  in  toe  gmintn  l a ,u  f:ing  t eiord, 
'i'lltliouf,  a continuous  .funiu'r  tracking  input.,  ttie  '.imulation  < .lenoi  ne  liseO. 

For  this  reason  and  by  mutual  avpa-’-i'ient  , AMCAA  .md  ( Ai  PA  'si.li'  tie  p,  , i ],.e 
not  to  digrti.’f  aiKilog  dat.i  trem,  [IP. 
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4.  RESULTS  OF  ANALYSIS. 


Areas  Analyzed.  Since  the  missile  simulations  could  not  be  per- 
formed because  of  the  problems  encountered  with  the  tracking  data,  the  I IB 
analysis  was  revised.  This  revision  focused  on  three  main  efforts; 

(1)  An  LOS  analysis  to  determine  the  probability,  displayed  in  the 
field  experiment  data,  of  successfully  tracking  the  target  vehicle  from  the 
simulated  firing  time  to  the  projected  impact  time  without  losing  LOS. 

(?)  An  analysis  of  the  velocities  and  accelerations  of  the  target 
vehicles  to  portray  their  performance  in  the  field  experiment,  for  potential 
comparison  against  their  projected  capabilities. 

(3)  An  analysis  of  maneuver,  velocity/acceleration,  and  raw 
tracking  data  to  identify  any  possible  observable  correlations  in  that  data. 

Line-of- Si ght  Analysis  An  analysis  to  determine  the  rate  of 
missile  aborts  due  to  interruptions  in  LOS  was  performed.  This  was  achieved 
by  combining  the  LOS  data  reported  by  the  controllers  with  gunner  firing 
times  and  mathematically  projecting  missile  flight  times  to  obtain  the 
number  of  missile  aborts.  This  analysis  indicates  the  probability  for 
missile  aborts  for  tacLical  situations  and  terrain  that  are  similar  to  the 
test  conditions.  In  addition,  the  results  are  used  to  access  any  possible 
weaknesses  in  gunner  training  and/or  weapon  system  hardware., 

(1)  Methodology  and  results. 

(a)  Each  time  a missile  firing  event  was  simulated,  a check 
was  made  to  determine  what  LOS  condition  existed  between  the  target  vehicle 
and  gunner  at  that  moment.  The  existing  LOS  condition  was  recorded  for 
further  use.  Possible  cOS  conditions  at  the  firing  time  consisted  of  line 
of  sight  (LOS)  and  intermittent  vegetation  (IV),  Any  firings  occurring  when 
the  controller  reported  no  line  of  sight  (NLOS)  were  deleted  from  the  raw 
data,  although  t^'is  event  occurred  only  once  in  1,946  ATOM  firings. 

(b)  T'rie  estimated  time  of  flight  (TOE)  for  the  antitank 
missile  to  reacii  the  target  v<as  computed  uti1l.?1rig  information  concerning 
the  range  of  the  target  vehicle  at  firing,  the  rate  at  which  ti\e  missile 
travels,  and  the  target  vehicle's  rate  toward  the  weapon  system.  The  range 
at  the  firing  time  was  interpolated  linearly  fi om  range  data  generated  every 
5 seconds  throughout  the  trial  from  the  position-location  data.  The  speed 
of  the  missile  was  (ietermined  from  basic  weapon  system  data  provided  by 
AMSAA.  The  vehicle's  rate  toward  tiie  weapon  system  was  estimeteu  from  the 
distance  the  vehicle  traveled  during  the  time  required  for  a missile  to 
reach  the  vehicle  at  the  estimated  range  at  tne  firing  time.  Using  a 
programcfi  versio';  of  che  algebraic  logic  displayed  in  figure  b,  the  fOF  was 
estiin.iteu.  I fie  projected  impact  tim'*  was  determined  liy  addiri!)  rpe  Tf.'L  to 
tf;e  tiring  tMiie. 
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s = distance  between  gunner  and  target  at  start  of  missne  flight 
(estimated  from  5-s(‘Cond  RMS  data) 

r„  ” rate  of  missile  (estimated  from  polynomial  curve  fitted  to  data  with 
rate  as  a function  of  distance) 

r,  = rate  of  vehicle  (estimated  from  distance  traveled  during  missile 
flight  time  to  maximum  range) 

X = range  to  point  of  impact 

NOTE:  distance  = rate  x time,  and  t-j  ==  t^,  assuming  acceleration  0. 

Hence: 

Specifically;  d^  - s - x 
d^  = X 

(s  - x)/r^  = x/r^ 


X = 


r,,s 


77r~77y 


Estimate  time  of  flight  from  x: 

TOP  - x/r^ 


Figure  5 Algebraic  logic  for  missile  time  of  flight  estimation 
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(c)  Once  the  projected  Impact  times  were  estimated,  a record 
was  made  of  the  LOS  condition  existing  between  the  gunner  and  target  vehicle 
for  each  projected  impact  time.  Possible  LOS  conditions  were  LOS,  IV,  and 
NLOS.  Combining  the  LOS  conditions  at  missile  firing  and  imoact  yielded 
six  possible  combinations  of  intervisibil  ity.  These  are  (1)  LOS-LOS,  (?.) 

LOS- IV,  (3)  LOS-MLOS,  (4)  IV-LOS,  (5}  IV- iv',  and  (6)  IV-NLOS.  The  frequency 
that  each  combination  occurred  was  tabulated  for  total  firings.  In  addition, 
categorizations  by  weapon  system,  range  band,  target  vehicle,  and  coirsbi na- 
tions of  these  were  assembled.  Tables  2 and  3 display  the  number  and  per- 
centages of  intervisibility  combinations  occurring  across  all  liB  trials 
and  occur^'ing  by  weapon  system,  respectively.  Tables  of  the  number  of 
occurrences  for  other  groupings  are  found  in  appendix  B. 


(d)  For  each  trial  the  amount  of  time  spent  by  the  target 
vehicles  In  each  LOS  condition,  LOS,  IV,  and  NLOS,  was  determined.  Based 
on  the  individual  trial  information,  total  time  spent  in  each  LOS  condition 
was  summed  across  trials.  So  that  this  information  might  be  more  useful, 
the  amounts  of  time  were  changed  tc  percentages  of  total  time.  Thus,  the 
time  spent  in  different  LOS  conditions 
of  simulated  missile  firings  occurrin'., 
dition.  Arrays  corresponding  to  those 
combinations  were  assembled.  Tables  4 


could  be  compared  with  the  percentage 
xjv'  each  firing  and  impact  LOS  con- 
fer che  liiiisile  LOS  firing  and  impact 
and  5 display  the  percentage  of  time 


spent  by  the  target  vehicles  in  each  LOS  condition  and  in  each  LOS  condition 
isolated  by  weapon  system,  respectively.  Other  categories  of  LOS  percentages 
are  found  in  appendix  C. 


(2)  Discu-ision, 


(a)  Since  the  frequency  of  intervisibility  combinations  at 
ATOM  firings  and  impacts  may  depend  on  the  time  spent  in  each  LOS  condition, 
a ratio  analysis  was  undertaken  to  identify  relatioiishi ps  between  any 
independent  variables  and  the  LOS  combinations.  The  three  variables  con- 
sidered were  weapon  systems,  s^ange  bands,  and  target  vehicles.  Fr'om  the 
data  directly  and  indirectly  contained  in  the  tables  in  appendixes  3 and  C, 
tv/o  ratios  were  formed.  These  ratios  may  be  considered  as  conditional 
probabilities.  It  is  necessary  to  note  that  while  these  two  ratios  are 
useful  for  making  comparisons  within  this  subphase,  they  have  no  significant 
use  outside  of  ATMT. 


i.  The  first  was  determined  by  a comparison,  as  a 
quotient,  of  the  probability  of  the  LOS-LOS  i nter'-'i si bi  1 i ty  combination 
with  the  probability  of  LOS  occurring  during  the  target  vehicle  maneuver 
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I Lti  u.'C  fjr  uuaij  I I : i.y  ui  ui.t.ur  r i ng  uur  i ny  Liie  taryet  vefiicie  maneuver, 

he  LOS-LOS  i nt'.rvi  s’ bi  1 i ty  combination  refers  to  the  availability  of  LOS 
ro:n  the  gunner's  position  to  the  target  at  both  trigger  pull  for  the  ATGM 
'id  (St  the  projected  time  of  ,nis5i'le  impact.  An  implicit  assumption  is 
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that  LOS  vios  nidi ritai ned  throughoul 
tion  occurred,  hymbo 1 icttll y , this 


mi s s i I e flight  when  a n 
ratio  is  expressed  a'. 


LOS-LOS  combi na- 


‘’rol;  '’LOS-LOS) 
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LOS 

Condition 


Number  of 
Occurrences 


Percentage 


LOS  - LOS 

1601 

82.31  ' 

LOS  - IV 

94 

4.83 

LOS  - NLOS 

85 

4.37 

IV  - LOS 

40 

2.06 

IV  - IV 

114 

5.86 

IV  - NLOS 

11 

.57 

TOTAL 

1945 

1 00 . 00 

Table  4.  The  percentage  of  total  trial  time  spent  by  the  target 
vehicles  in  each  LOS  condition  across  all  Subphase  IIB 
trials 


LOS  Condition 

Percentage 
of  Time 

LOS 

61  .,64 

IV 

18.40 

fILOS 

19.96 

TOTAL 


109.00 


This  measure  yields  the  relative  number  of  missiles  potentially  completing 
their  flight  to  the  target  area  per  percentage  unit  of  target  vehicle  LOS 
time  existing  during  a maneuver.  Hereafter,  this  ratio  is  referred  to  as 
the  missile  completion  ratio  (R^,)- 

The  second  ratio  represents  the  quotient  of  the  sum 
of  the  probabilities  for  the  LOS-NLOS  and  IV-NLOS  intervisibility  combina- 
tions compared  with  the  probability  of  NLOS, 

D Prob  (LOS-NLOS)  + Prob  (IV-NLOS) 

a ■'  PtcTTnUosT”  ^ ^ 


This  ratio  expresses  the  relative  number  of  probable  missile  aborts  per 
percentage  unit  of  target  vehicle  NLOS  time  existing.  A missile  abort 
was  considered  to  have  occurred  when  the  target  vehicle  could  not  be  seen 
at  the  projected  time  of  missile  impact.  Hereafter,  this  ratio  is  referred 
to  as  the  missile  abort  ratio  (R  ). 

d 

(b)  When  the  differences  in  the  size  and  pattern  of  these 
ratios  across  the  different  combinations  of  independent  variables  are 
examined,  three  results  are  visually  evident. 

1_.  The  target  vehicle  used  has  no  significant  effect  on 

either  ratio. 

The  value  of  the  missile  abort  ratio  increases  when 
going  from  ^'ange  bands  1 and  2 to  range  bands  3 and  4.  As  range  increases, 
there  is  c corresponding  TOF  increase  for  each  missile  and,  thus,  an 
increase  in  Prob  (LOS-NLOS)  and  Prob  (IV-NLOS)  combinations.  Con  ,' (irtni  ly , 
more  missile  aborts  occur  at  long  range  than  at  short  range. 

3.  When  the  missile  completion  ratio  for  t at n .eapon 
system  is  considered,  the  ratio  decreases  from  a high  for  the  Shillelagh 
(M60A?)  to  the  Shillelagh  (M551  ) to  the  TOW  to  a low  for  the  DRAGON.  This 
seems  to  Indicate  that  the  relative  effectiveness  of  flying  a missile  to 
the  tar  get  area  is  greatest  for  the  M60Aa  system  and  lowes  t for  the  DRAGOil , 
although  no  definite  cause  has  been  identified  for  this  result,  [xamina- 
tion  of  both  numerators  and  denominators  of  these  ratios  reveals  ik)  con- 
sistent trends,  but  tne  order  and  magnitude  differences  ei  the  resulting 
ratios  are  consistent  throughout  the  combinations  of  independent:  variatiles. 
It  is  possible  that  an  undetermined  bias  was  present  in  c it. tier  In-  fo'  t. iiu| 
or  the  data  collection  process.  This  is  conceivable  because  tin  Shillf'lagh 
systems  (M60A2  and  M5bl  ) were  tested  in  on'j  set  of  trials  and  the  TOW  and 
DRAGON  systems  were  tested  in  arother  trial  set.  Other'  possible  e>;[)lana- 
tions  for  the  R,  differences  may  include  gunner  training,  d i t ferntn.  in 
the  field  of  vi^w  among  the  ATGM  systems,  a combination  oi  these,  os  sonie 
still  undefined  parameters. 

(c)  It  should  be  noted  Usat  this  report  cons  i <ies onl  y the 
probability  that:  LOS  is  maintained  throindioui  the  mi'.silv'  iOl.  Asioli.f'r 

i tilervi  si  hi  1 i ty  [sroblem,  which  precedes  th.''  (irublem  cons  mes  t d here. 
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involves  the  frequency  and  duration  of  LOS  needed  to  detect  a maneuvering 
target  and  start  the  engagement  processes.  Data  to  consider  this  problem 
are  not  available  from  rtTMT,  but  it  was  considered  previously  in  the  TETAM 
report  (reference  8).  The  probability  that  an  antitank  missile  destroys  an 
opposing  target  can  be  thought  of  as  a series  of  several  conditional  proba- 
bilities. One  formulation  of  such  a series  is  as  follows: 

P(K)  = P(D)  • P(A/D)  • P(T/A)  - P(L0S/T)  • P(H/L0S)  • P(K/H) 

Where:  P(K)  is  probability  of  kill 

P(D)  is  probability  of  detection 

P(A/D)  is  probability  of  acqui sition , given  detection 

P(T/A)  is  probability  of  trigger  pull,  given  acquisition 

P(L0S/T)  is  probability  of  LOS  until  the  missile  reaches  the 
target,  given  trigger  pull 

P(H/L0S)  is  probability  of  hit,  given  I. OS  during  missile  flight 

P(K/H)  is  probability  of  kill,  given  a hit. 

In  the  ATMT  analysis  provided  here,  only  P(L0S/T)  is  determined  and  then 
only  for  one  specific  set  of  terrain.  It  becomes  obvious  that  the  proba- 
bility of  kill  is  dependent  on  several  important  conditions  and  if  any  one 
condition  has  a low  probability  t.ne  chance  for  a target  kill  is  seriously 
degraded . 


(d)  Based  on  the  data  collected  in  TETAM,  Juhnsrud  and 
SfH’dowski  (referern.e  9)  computed  the  probability  of  TOW  and  DRAGON  missile 
abort:,  during  missile  flight  time  due  to  terrain  and  vegetation  iDOsking. 

I'.y  fitliruj  ttie  If  TAM  segnienl  lengtti  distribution',  to  an  exponential  form, 
they  wer('  at)ie  t o computf?  the  p'robat)  i ! i ty  that  ,in  occnrrinij  s(H]iiienl  lenglti 
would  exe(M‘d  a given  lenglti.  Using  infurmal''ori  from  su'.'ti  di  stri  t)ul  ions 
witti  par.uneters  uniijue  to  the-  terrain  considered  (i.e.,  range  to  targi't, 
ini',s(le  velocity,  and  attacker  (target)  vi-loi  ity),  ttn-y  computed  thi' 
[irobahle  |)ercentage  of  missile  aborts  occurring  during  missile  tliytit. 

Since  TETAM  site  A at  Fort  Hunter  Liipjett  and  ttie  ATMT  ti'ifjl  area  nearly 
I-')  1 nc  i c.e  , it  is  apiu'oiir  i ate  to  compare  ttio  abort  probab  i 1 i t i (*s  obtained 
in  ATMT  witti  the  s tu  ti  sti  ca  1 1 y derived  probabi  1 i ti  es  of  aotinsrud  and 
slu-dowski.  File  two  metiiods  show  fairly  good  agreement,  t:owever,  ther'e  is  a 
tendency  fur  the  ATMT  abort  values  to  be  sliglitly  lower.  This  [iiigiit  be 
attributed  to  ttie  atiility  of  the  gunner';  in  ATMT  to  antii.ipate  (.naiuies  in 
I (!S  and  rc'fr.tin  from  firiiuj  in  tilivious  atiort  '.ituations,  or  1 rom  ttie 
sligt'tly  dilferi'iit.  Im.’tions  tor  gunners  and  tt;e  aigiroaiTi  patTis  ot  liie 
t a rge  t v eti  i e I e'-.  , 


( i ) f i nd  i iu|s  . 
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(a)  Based  on  the  information  contained  in  tables  2 and  3 and 
in  appendix  B,  the  relative  frequency  of  an  ATGM  gunner  having  line  of 
sight  from  the  time  a missile  firing  was  recorded  until  the  projected  time 
of  impact  at  the  range  of  the  target  vehicle  varied  from  a low  of  64,70 
percent  for  trials  involving  the  TOW  ATGM  against  the  XM808  TWISTER  in 
range  bands  3 and  4 to  a high  of  95.45  percent  for  Shillelagh  (M60A2) 
trials  against  the  TWISTER  in  range  bands  1 and  2. 

(b)  The  relative  amount  of  time  the  target  vehicles  spent  in 
LOS  with  respect  to  each  group  of  ATGM  positions  varied  from  a low  of 
49.47  percent  for  the  TWISTER  in  range  bands  3 and  4 as  viewed  from  the  TOW 
positions  to  a high  of  71.26  percent  for  the  XM800  Scout  in  range  bands  1 
and  2 as  viewed  from  both  the  TOW  and  DRAGON  positions. 

(c)  An  increase  in  the  number  of  expected  missile  aborts 
because  of  changes  in  LOS  conditions  was  evident  as  the  range  to  the  target 
vehicles  increased.  This  was  expected  because  as  the  range  increased,  EOF 
of  the  missiles  increased;  hence,  there  was  a greater  likelihood  that  ti.e 
ATGM  gunners  would  not  be  able  to  anticipate  projected  LOS  changes  at  the 
time  of  missile  firing, 

(d)  Although  no  confirmed  explanation  can  be  given,  the 
relative  effectiveness  of  the  weapon  systems  in  completing  missile  flights 
per  unit  of  time  were,  in  descending  order;  the  Shillelagh  (M60A2), 
Shillelagh  (M551),  TOW,  and  DRAGON.' 

Target  /ehicle  Velocities  and  Accelerations.  Erorn  the  data  col- 
lected by  the  range  measuring  "systOT  T^MSj,  it  is  "possible  to  estim  t.e  the 
velocities  and  acceler  tions  for  the  target  vehicles.  Sucfi  data  .■'■'/('  r 
indicants  of  tlio  maneuverability  of  the  target  vehicles.  Siiiii  ■ 
obtained  data  came  from  a test  where  drivers  were  toici  i o manec.i- 
realistically  at  tlie  maximum  safe  sp('ed  on  actual  terrain,  it  in.il  Meld 

capabilities  of  the  targ^'t  vehicles  may  he  inferred  from  !!  • i c m f.', 
obtained . 

(1  ) Me  t ho  do  1 o gy  a n cl  res  u 1 1 s . 

(a)  for  each  trial  performed  ir'  1111,  the-  civeiMigc  toMiil.int 
velocity  and  accel  era  t i on  , as  we'l  as  x ,v',/-componiMrf',  lor-  ! ha  t.irgti 
vehicle,  were  computed  using  ttie  1!TM  coordinate  systc'iii  Ihe'.c  v.ilun,  wen.' 
obtained  by  averaijinc)  estimate’s  of  the  appropriate  paramet.n  s i iiioMi|h(Mjf 
each  trial.  Estimates  wri-e  obtained  at  .ip(a'o>;iiiiaf  rl  y 0 . 1 s is  nml  i ii  t ;'rv,i  1 . 

[’C'Ccuse  the  raw  chita  contained  inherent  iinsr.iircmen  1 la  lor,  , ,i  Mioii  t In  re) 

procerlurc'  was  necossary  to  obtain  estimates  lyiini  wilhiti  ri.i'isln  iMonds 
for  vc'IcKity  and  aci'c'l  iunit  icin . A movirnj  lb  poini  Ira, I , iisnss  luEn 
I’D  ! v iiom  i ,1 1 (appendix  D)  wa-,  usc’d  to  sniooMi  tie'  law  d,i(,i,  lln'  is. ! i n.i  t e , 
iilitaiiied  in  the'  tITM  roor'diirats'  '.y.tr'iu  wi’Cr  i Di'ilr  i tied  vvi  t h .enji  ti  pn  ivnlo 
.rngular  rsitr  and  angiil.ir  ,u  n c 1 tnsi  t i orr  1 rorn  ibi'  ijuiiie'i  's  poirst  n!  vnsv. 

A 1 ',11 , the  HIM,  X ,y  , ? - 1 ompont'n  t ■,  i or  ve  1 oc  i ! y and  .u  i c 1 .'ra  ! i ■ m ve  'i  a r a t a ! i d 

! o '‘i  , v , , I ,m ()o nr  n 1 •,  w ho r'l ■ 1 h > ■ x i ■,  r i ■ I I o,  1 1 'd  i b c .) o n aos  ! , n , 1 1 ' 1 1 i tn  , i 1 1 i 


provided  i p1 unnition  concerning  the  motion  of  the  target  vehicle  toward  the 
(jiKiiior  and  the  remaining  motion  the  gunner  would  perceive  in  the  x2-plane. 

(b)  The  results  obtained  must  be  evaluated  in  view  of  one 
overriding  condition.  Each  driver  was  told  to  remain  out  of  LOS  for  a 
minimum  of  15  contiruious  seconds  in  each  trial.  In  many  cases,  the  driver 
simply  found  a position  he  knew  was  not  in  LOS  and  stopped  his  vehicle. 
Because  the  effects  of  decelerating  and  accelerating  from  such  stops  could 
not  be  removed  from  the  data,  estimates  obtained  immediately  preceding, 
during,  and  following  such  stops  were  included  in  the  averages.  In  view 
of  this,  the  results  presented  in  tables  7 through  13  may  be  considered 
slightly  low  for  a target  vehicle  that  would  be  in  continious  motion. 

Future  test  designs  should  preclude  occurrences  of  this  nature.  However, 
in  no  trial  did  15  seconds  exceed  10  percent  of  the  trial  time  reflecting 
vehicle  moti on . 

(c)  Tables  6 and  7 present  the  means  and  standard  deviations 
of  tne  resultants  and  components  in  the  HTM  coordlnafe  system.  Note  that 
for  velocity  1 meter  per  second  equals  2.237  miles  per  hcur  and  for 
acceleration  1 gravitational  unit  equals  9.806  meter-s  per  second  squared. 

In  tables  6 through  13  the  averages  and  standard  deviations  reflect  that 
the  estimates  at  each  point  were  weighted  equally  across  trials. 

(d)  Tables  8 and  9 indicate  the  average  velocities  and 
accel  er-ati  ons  rotated  so  that  the  y-axis  serves  as  the  gunner- target  line. 
Thus,  tne  y-component  in  table  8 reflects  the  average  speed  at  which  the 
target  weiricle  is  apfjroaching  the  gunner.  Disregarding  the  change  in  size 
of  target  veiiicle  as  it  approaches  the  gunner,  the  xz-velocity  and  accelera- 
tion *'esultants  indicate  botii  tiu'  target  motion  the  gunner  must  adjust  to 
and  its  rate  of  change. 

(e)  r,i[)les  10  ttirough  13  pr(;sent  tiie  average  angular  rate  and 
angul.u'  ac.c  el  rTM  t.i  on  for  ttte  two  range  bands  of  IIB.  Coi!t(>ari  son  of  tiie 
aveta')>'c  , .md  es  pin  i a 1 I / t hr  st.indard  (ieviations,  demonstrates  how  t fie 
.ingiiliir-  nicOiiiM  ttie  gunner  must  perceive  and  account  for  in  llie  aiming  ot 
liis  so‘a|K,ai  i lu  ricr.e'.  as  t.fie  l..ir(|el  ,s|)|ir()(o  hes  tii-.  |ius  i t ion, 

( 2 ) I j ill!  i ngc  . 

(a)  As  I'xpecti'd,  the  velocity  and  accelration  data  indica.te 
fdi.it  Idle  v\Ms  al)l('  to  maneuviO'  with  the  highest,  veloc  it  y and  wi  tfi 

t la'  nu)',!  ra(iid  i hange'.  in  ttiat  v I'l  oc:  i t y . Tin*  Svout  a.nd  MfiOA!  followed,  in 
t fni  t nrdrr  , 


(h)  hla-.!'il  on  tfn-  iiieaie.  , t fie  .ivtwage  i t'o',  ■,  conn  t lyy  ojieeil  dm, 
plavad  111  a!H  lanue'.  I roin  appi  ox  i ! la  t a ! y !.  miles  per  hour  tea  the  titiHAl  ta, 
lo  mill"  |ier  hoU''  i or  the  [Wlsidk.  H'vpot  lie>,  i i ng  ttiat  t.he  mavimimi  spied  i 
ii;  till'  Ml' i .jiiliochoo.l  ui  .’,‘i  i.lanihie,,  dC’ V i ,1 1,  i Oils  aliove  liie  mean.  :iia\inium 
'.pi"'d',  v.it'\  troll!  aiiciul  i’h  mile',  per  huiir  lor  t fie  Mh'iAl  to  t'-  mile',  per  hour 


UTM  coordinate  system;  means  and  standard 


Table  10„  Target  vehicle  angular  velocity  in  range  bands  1 and 
2:  means  and  standard  deviations 


Vehicle 

Type 


Number 

of 

Points 


Velocity  (mils/sec) 


Azimuth 


El  ovation 


i f .'4b£^lMiiAV'^4hAdE'>«M»  i .f  v.un 

lag<N«.>^iaf»«Mr.ua>4r.i«»*^rMaMWWiiyr|^ur*WiU  jtwtA  • fcMU'i««Wi'rjjAaju*|L&’.%A.n,k  •x*^ 


M60A1 


60,615 


(4.151) 


-.071 

(.414) 


Scout 


20,814 


{-<dcm.oeaf44^.:  .vN-vri»<4nnMi^  .■ 


(5.334) 


-.095  I 
(.488)  i 


TWISTER 


10,897 


(5.271  ) 


-.123 
( ,481  ) 


■ >l>— ihrv.4^.- 


Overal 1 


92,326 


- . 591 
(4.583) 


(.440; 


Table  13.  Target  vehicle  angular  accelerations  in  range  bands  3 
and  4:  means  and  standard  deviations 


Vehicle 

.W».tCJrT  'W 

Number 

Acceleration 

2 

(mils/sec  ) 

Type 

of 

Points 

Azimuth 

Elevation 

M60A1 

72,323 

-.sa.j»a»k  w 

.002 

(.403) 

.000 

(.061  ) 

Scout 

46,122 

.002 

(.5/1 

.000 

(.059) 

TWISTER 

13,750 

-.001 

( .650) 

.000 

(.061  ) 

- ^ 

Overall 

132,195 

1 

.002 

(.497) 

.000 

( .060) 

- ...  .. 

• -wfw  . - n a 

(c)  Again,  based  on  the  means,  the  average  acceleration  ranges 
from  0.09g  for  the  M60A1  to  OJSg  for  the  TWISTER.  Utilii;ing  ?.5  standard 
deviations  above  the  mean  to  estimate  maximum  accelerations,  the  values 
range  from  0.25g  for  the  M60A1  to  about  0.5g  for  the  TWISTER. 

d . Relationship  of  Maxi mum  Gunner  Error  with  Target  Vehicle  Motion . 

By  considering  the  data  avaflable  concerning  target  vehicle  paths, 
velocities,  and  accelerations  and  the  data  available  describing  gunner 
errors,  the  Subphase  IIB  data  were  examined  for  detectable  relationships 
among  relevant  gunner  error  variables  and  target  vehicle  variables.  Since 
the  gunner  error  data  from  this  subphase  were  not  digitized,  the  resulting 
analysis  was  severely  limited  in  scope.  However,  any  relationships 
identified  could  point  out  needs  for  further  testing  and/or  more  detailed 
and  sophisticated  analysis.  In  addition,  if  predominant  relationships  are 
displayed  in  the  data,  such  relationships  might  become  the  basis  for 
operational  recommendations  to  target  vehicle  drivers  and  their  training 
process  and/or  to  ATGM  gunners  and  their  training  process. 

(1)  Methodology  and  results. 

(a)  Although  the  gunner  tracking  data  for  this  subphase  v;ere 
not  digitized,  the  strip  charts  of  gunner  tracking  performance  were 
available  for  analysis.  Figure  6 displays  a portion  of  a typical  ATMT 
strip  chart.  The  lowest  band  records  time  in  Interrange  Instrumentation 
Group  (IRIG)  format,  and  the  upper  bands  (two  per  gunner)  record  azimuth 
and  elevation  error  for  each  of  the  possible  gunners.  For  a sample  of 
trials  nd  for  each  LOS  segment  within  these  trials,  the  time  to  the 
nearest  0.5  second,  the  maximum  azimuth  error,  and  the  maximum  elevation 
error  occurring  for  each  gunner  were  determined  manually  from  the  strip 
charts.  Except  for  the  cells  with  the  TWISTER  against  the  MeOAr/M'if'l  where 
only  two  and  one  trial  sets  were  available,  the  sample  was  constrie  led  by 
picking  three  trial  sets  per  design  cell  (table  14).  Thus,  cjunuer  error 
inaximums  from  33  trial  sets  were  examined.  This  resulted  in  1.108  sample 
values  for  maximum  azimuth  error  and  1,073  sample  values  for  maximum  eleva- 
tion error.  Table  15  presents  descriptive  statistics  regarding  the  sample 
of  observed  maximum  errors  and  their  absolute  values. 

(b)  Using  time-correlated  plots  of  vehicle  maneuver  and  tfie 
times  at  which  the  maximum  errors  were  observed,  the  vehicle  maneuvers 
occurring  approximately  0 to  3 and  0 to  13  seconds  prior  to  maxirnuin  error 
were  classified  according  to  an  alphanumeric  scheme.  This  sciieme  consisted 
of  an  alphabetic  character  indicating  the  general  type  of  maneuver  followed 
by  a numeric  character  indicating  the  aspect  of  this  maneuver  to  the  gunner's 
position.  Details  of  this  scheme  are  displaced  in  figure  7.  The  frequency 
of  occurrence  for  each  type  of  maneuver  displayed  is  depicted  in  table  15. 

The  surprising  statistic  from  this  table  is  the  frefUiency  witfi  whii.fi 
maximum  errors  were  observed  when  the  target  vehicle  was  moving  dinutly- 
toward  the  gunner. 

(c)  In  addition  to  viewing  time-correl  u led  ()lut,s  ot  larg'd, 
vehicle  movrmrent,  the  velocities,  ar.'u'l  ora  t i on-. , and  t tu'i  c u)m[M.uie!it  s wore 
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Figure  6.  TOW  gunner  tracFing  error  sample 
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Table  15.  Observed  maxlmiim  gunner  errors,  azimuth  and  elevation 


X 

10 

Min 

Max 

Skew 

Kurtosis 

Azimuth  error 
(meters) 

-.237 

2.820 

-10.41 

14.140 

.246 

1 .388 

Azimuth  error 
(mils ) 

-.175 

1.655 

-3.950 

7.490 

.170 

-.599 

Absolute  azimuth 
error  (meters) 

2.282 

1.671 

20 

14.140 

2.014 

8.529 

Absolute  azimuth 
error  (mils) 

1 .497 

.726 

.07 

7.49 

1 .240 

5.143 

Elevation  error 
(meters ) 

.380 

2,248 

-6.97 

8.14 

.077 

•.20i 

Elevation  error 
(mi  1 s ) 

.197 

1 .488 

-3.460 

4.090 

- . 1 22 

-.759 

Absolute  elevation 
error  (meters) 

1 .929 

1 .213 

.06 

8.14 

1 . 344 

2.498 

Absolute  elevation 

1.316 

.721 

.05 

4.09 

.903 

.675 

error  (mils) 


Table  16.  Frequency  of  maneuver  occurring  prior  to  maximum  gunner 
error 


AZMAN3:  Manouver  oct  urri  isij  0-3  seconds  |)rior  to  maxiaium  dzimi.'t.h  ('cror. 
AZMANli'-  Maneuver  occurring  Q-’c  seconds  prior  to  ma.xlmuni  dziinutf)  error 
ri,.MAN.3;  Maneuver  oi  currirr!  0- 3 seconds  prior  to  aiaxiiDum  elevation  error 
E.LMANI3;  Mariaeuver  occurrln-.j  0-13  seconds  prior  to  [iiaxinum  elevation  or 
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determined  at  times  corresponding  to  maximum  gunner  errors.  Specifically, 
the  maximum  velocity  and  acceleration  occurring  during  the  interval  from 
0.50  seconds  preceding  to  0.25  seconds  following  maximum  gunner  error  were 
determined.  A 0.75-second  interval  was  used  because  maximum  error  times 
were  recorded  to  the  nearest  0.5  second,  and  it  was  felt  that  if  target 
velocities  and  accelerations  were  to  increase  gunner  error,  those  vehicle 
characteristics  causing  the  increase  would  slightly  precede  the  displayed 
error.  After  the  maximum  velocity  and  acceleration  were  found  in  the 
interval  for  each  occurrence  of  maximum  gunner  error,  their  x- , y- , and 
z-components  with  respect  to  the  gunner  positions  were  determined.  Table  17 
displays  average  resultant  velocity  and  acceleration  data,  which  correlate 
with  the  times  for  maximum  gunner  errors.  When  these  results  are  compared 
with  those  in  tables  6 and  7,  one  can  see  a significant  difference  between 
the  resultant  velocities  and  accelerations  occurring  in  the  gunner  error 
correlated  and  overall  vehicle  performance  data.  However,  this  signi ficance 
must  be  noted  remembering  that  the  gunner  error  correlated  values  were  a 
maximum  value  within  a 0,75-second  interval. 


(d)  Using  the  different  measurements  of  riaximuin  gunner  error 
as  dependent  variables  and  velocity  and  accele-ation  components,  as  well 
as  range,  as  independent  variables,  16  stepwisa  linear  regressions  were 
examined  for  a relationship  between  maximum  gi nner  error  and  target  vehicle 
performance.  Table  18  indicates  the  dependen':  and  independent  variables 
used  in  each  of  the  16  regressions.  The  stepwise  regressions  were  per- 
formed using  the  Statistical  Package  for  the  Social  Sciences  (SPSS)  computer 
software.  For  the  final  variables  in  the  reg'essions  equations,  table  19 
displays  the  multiple  correlation,  R,  and  the  proportion  of  dependent 

iordent  variab)es''j|^  R^.  Inder 


variable  variance  accounted  for  by  the  indepe 
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dent  variables  were  entered  into  the  regression  equation  until 
default  values  were  reached.  The  default  val jes  allow  for  all 
insignificant  variance  to  be  entered  into  the  equations.  As  ■ < 
from  this  table,  the  absolute  values  of  the  maximum  errors  i , • 
more  fiighly  with  the  independent  variables  th,-  n do  ttie  mas  iri  -- 
highest  percent  ot  variance  being  accounted  for  amounts  u,  3/.1 
regression  equation  4.  A breakdown  of  this  e.]uation  is  presented  in 
table  20.  As  one  can  see,  range  is  the  first  variable  entered  into  the 
regi’Cssion  equation  and  accounts  for  a large  portion  of  variance.  In  all 
other  regression  equations  involving  aiisclutf  values  of  max  iimiiu  gunner 
error,  range  is  always  the  first  variable  entered  into  t!ie  retpession 
equation  and  accounts  tor  most  ot  the  explai  led  variance.  This  result 
Implies  that  tiie  range  to  the  target  is  more  significant  than  target  velric 
velocity  and  acceleration  components  in  (.reeficting  the  at)'.oIu1.e  v.nue  of 
maximum  gunner  error.  Since  only  fair  results  were  nc'ted  in  |)reJic‘,iny 
absolute  maximum  gunner  errors  and  extremely  poor  results  were  set;n  in 
predicting  maximum  gunner  en'or,  tbe  analysis  was  termi  n.ited  witii  the 
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Table  17.  Average  velocity  and  acceleration  at  gunner  error' 


X 

SD 

N 

Velocity  (m/sec)  at 
maximum  azimuth 
! error 

1 

6.588 

2.607 

1 

1103  1 

Accel  eratl on  (m/r.ec  ) 
at  mayimum  azimuth 
error 

1.53? 

1.037 

■ 1 

1103 

5* 

Velocity  (m/sec)  at 
maxiincm  elevation  j 

error  | 

6,546 

2.497 

j 

1 

i 

1 070  I 

__l 

Ac  c e 1 e r a t i o n ( I'n  / s c c ^ ) 1 

at  iniaxiiiium  eievatiori  | 

error  j 

i 

1 

1 

; .510 

i 

I 

i.052 

1 

i 

1 

I 

I 

1070  1 

i 

J 

* Vu's^es  taken  in  the  .75  second  interval  about  tne  sndxixiUT'  error. 
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Table  18.  f^egression  ana'iysis  dej.'endent  art;-  ■Sndependenl;  variable 
combi ri,(  f; > ns  ( cc;  jcl  tided ) 


DEPTNPENT  VARIABLES 


A:  Azimuth  error  (meters) 

B:  Azi.'nutit  error  (rriils) 

C;  Absolute  value  of  azimuth  error  (meters) 

D:  Absolute  value  of  azimuth  error  (mils) 

E;  Elevation  error  (meters) 
elevation  error  (mils) 

G:  Absolute  value*  of  elevation  error  (meters) 
H;  Abso''iite  value  of  elevation  error  (mils) 


INDEPENDENT  VARIABLES 

X:  x-coi)ponent  of  vislocity  (m/sec) 
i”;  y-componeo..  of  velocity  (m/sec.) 
t:  component  of  velocity  (sn/sec) 

i'):  AzJifiutii  co.mponet  of  velocity’-  (mlls/sec) 
t:  Ele'^atioo  compohent  of  velocity  (fti|1s/sec) 

)(:  )!- component  of  ifcceleratioct  (m.X5;ec;';) 

V:  y -coinponent  of  a*  coloration  (iti/sec;^) 

Z:  component  of  acceierar.ion  (m/rec'' ) 

()■.  A/ moth  component  cf  acceleration  (ni  1 s/sec'' 

: [ Icvat'fOn  componeni  of  dccelsn”t!tiGr(  (rni  1 s/seef  ) 

R:  Range  to  target  vehicle  (meters) 


Table  19. 

Regression 

No. 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


MuHiple  correlation  and  the  explained  variance  resulting 
from  the  regression  equations 

2 

R R , proportion  of 


multiple  correlation 

variance  accounted  for 

.131 

.017 

.114 

.013 

.325 

.105 

.609 

.271 

.140 

.020 

.064 

.004 

.329 

. 1 OS 

.602 

262 

.150 

.022 

.175 

.031 

.464 

.,206 

.56A 

,218 

.188 

,035 

.143 

.020 

.455 

,20/ 

.557 

,.310 

Table  20 


Stepwise  breakdown  of  regression  equation  number  4 


r — 

1 step 

1 

Variabli'; 

\ 

Coefficient 

Multi  pi  e 

R 

L. 

increment 
in  R^ 

1 

Range 

,00106 

.60127 

.36152 

,36152 

2 

Veloci ty 
y-component 

-.03825 

.60547 

,36659 

.00507 

3 

Accel eration 
y-component 

-.07363 

.60708 

.36855 

.00196 

4 

Accel eration 
2-component 

.35686 

.60>317 

36987 

CM 

CO 
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* 

L 

0 

Velocity 

2-cotnponent 

.1  7063 

.60873 

.37056 

,00069 

6 

Acceleration 

x-component 

.01916 

,60893 

.37087 

,00031 

Vel ocl ty 
x-component 

-.00440 

.60908 

.37097 

.00010 

(Constant ) 

.69943 
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(a)  An  unexpected  number  of  maximum  errors  occurred  while  the 
target  vehicles  were  moving  in  a straight  line  path,  especially  toward  the 
gunner. 


(b)  Average  resultant  velocities  and  accelerations  time 
correlated  with  maximum  gunner  errors  are  greater  than  corresponding  average 
overall  trial  velocities  and  acceleration  for  target  vehicles.  It  must  be 
remembered,  however,  that  the  time  correlated  values  were  maximums 
occurring  within  a 0.75-second  interval  surrounding  the  time  of  maximum 
gunner  error. 


(c)  Maximum  gunner  errors  demonstrate  only  a slight  multiple 
linear  correlation  with  a target  vehicle's  velocity  and  acceleration  com- 
ponents, and  its  range.  When  the  absolute  values  of  gunner  error  are  con- 
sidered, moderate  multiple  correlations  are  observed.  Noting  these  results, 
the  relationship  between  gunner  error  and  target  vehicle  motion  does  not  ap- 
pear to  warrant  further  Investigation  without  at  least  near  continuous  gun- 
ner and  vehicle  input  and  a more  appropriate  time  series  analysis  technique. 

5.  CONCLUSIONS. 

® • Li ne-of-Siqht  Analysis. 

(1)  A maneuvering  target  vehicle  that  utilizes  terrain  and  vegeta- 
tion characteristics  has  the  capability  to  impose  an  appreciable  number  of 
missile  abort  situations.  The  frequency  and  duration  of  target  vehicle  LOS 
nterruptions , density  of  the  vegetation,  and  range  from  the  target  to  the 
gunner  are  influential  parameters  in  producing  these  missile  abort  situa- 
tions. 


(2)  TOW  gunners  were  best  able  to  perceive  the  probabilily  of  an 
LOS-LOS  combination  occurring  in  the  firing  and  impact  sequence  at  ranges 
less  than  1,600  meters.  As  the  range  increased.  Shillelagh  gunners  from 
both  the  M551  and  M60A2  had  the  best  perception  of  the  LOS-LOS  probability 
when  firing. 

(3)  It  appeared  that  the  XM808  TWISTER  was  the  target  vehicle  that 
most  successfully  disrupted  the  LOS-LOS  combination  of  the  DRAGON  and  TOW 
gunners  firing  and  impact  sequences.  The  5>hi11elagh  gunners,  from  botli  the 
f1551  and  M60A2,  had  more  difficulty  achieving  the  LOS-LOS  combination 
against  tiie  XM800  Scout  than  against  the  other  two  target  vehicles. 

^ • Target  Velocities  and  Accelerations . 

(1)  The  perspective  and  range  from  which  a ^:)urlner  observes  .) 
maneuvering  target  significantly  affects  the  amount  of  target  motion 
presented  to  the  gunner. 

(?)  The  average  vehicle  velocities  and  accelerations  demons  tia  ts'd 
on  cross-country  terrain  are  lower  than  might  be  expected  ( ons i dor' i n<i 
performance  standards  stated  for  the  vehicles. 
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(3)  The  differences  among  mean  velocities  and  accelerations  for  the 
different  target  vehicles  are  not  as  pronounced  as  mignt  be  expected. 

c-  Relationship  of  Maximum  Gunner  Error  with  Target  Vehicle  Motion. 

(1)  Under  operational  conditions  and  with  the  analysis  techniques 
used,  target  vehicle  velocities  and  accelerations  show  little  relationship 
with  large  gunner  errors, 

(2)  No  maneuver  appears  to  be  any  more  significant  at  causing  major 
errors  in  gunner  tracking  than  any  other  maneuver.  In  fact,  maneuver  alone 
cannot  be  considered  as  a cause  for  significant  gunner  error. 
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APPENDIX  A 


SELECTION  OF  CANDIDATE  MANEUVERS 


A-1.  Figure  A-1  depicts  the  missile  flight  path  from  tracker  to  target, 
with  miss  distance  caused  by  both  gunner  error  and  missile  error. 

Tables  A-1  through  A-3  present  the  course  parameters  and  geometry  of  each 
of  the  target  maneuvers  and  figures  A-2  through  A-1 2 illustrate  the  actual 
maneuvers  investigated. 

A-2.  MANEUVERS  INVESTIGATED.  Nine  types  of  maneuvers  were  investigated, 
with  several  variations  within  each  type.  The  general  types  are  as  follows 

a.  STAPvT:  From  a stationary  position  the  target  accelerates  in  a 
direction  normal  to  the  LOS. 

b.  STOP:  Traveling  normal  to  LOS  at  fixed  speed,  the  target 
decelerates  to  a stop. 

c.  STOP/START:  Types  a and  b combined. 

d.  FAST  TURN:  Traveling  at  constant  speed,  the  target  executes  a 90° 
turn,  continuing  in  new  direction. 

e.  S TURN:  Same  as  type  d except  two  90°  turns  are  performed  end  to 
end  to  form  an  S. 

f.  SWERVE:  Variation  of  type  e where  turns  are  less  than  90°. 

g.  SERPENTINE:  A series  of  constant  radius,  constant  angle  ;ircular 
arcs  which  oscillates  the  target  about  a mean  line  of  travel. 

h.  RANDOM  SERPEN''^INE : Similar  to  type  g but  allowing  variation  of 
turn  radius  and  arc:  angle. 

1.  ZIG  7AG:  Sfraight  line  segments  connected  by  constant  radius  turns. 
A-3.  Sv'MBOTS, 

V-j.  Speed  of  farget,  M/Sec 

R,  Range  to  Target  at  Missile  Launch,  tjn 

Taroet  Radius  of  Turn,  M 
M Meter;, 

Ki  luiiieters 


A-1 


Uefinltions 


t 


0 


t 
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A-4.  TERMS. 
Aspect  Angle 
Arc  Angle 


Seconds  of  Missile  Flignt  prior  to  Target 
starting  the  Maneuver 

Seconds  of  Target  Maneuver  prior  to  Missile 
Launch 


Angle  at  which  the  gunner  views  the  course. 

degrees  of  arc  traversed  by  the  target  in  a single 
maneuver  segment. 
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FIGURE  A-1.  AZIMUTH  PLANE  GEOMETRY 
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APPENDIX  B 


INTERVISIOILITY  COMBINATIONS  FOR  MISSILE  ENGAGEMENT  SEQUENCES 


8"I.  TABLES  B- 1 THROUGH  B-3.  The  number  and  percentages  of  LOS  fire  and 
impact  intervisibility  combinations  occurring  across  all  ranges  are  shown 
in  these  tables.  Each  table  Identifies  the  combinations,  categorized  by 
weapon  system,  against  each  specific  target  vehicle. 

6-£.  TABLES  B-4  AND  B-S.  These  tables  depict  the  number  and  percentages 
cf  LOS  fire  and  impact  intervisibility  combinations  against  all  target 
vehicles.  Each  table  Identifies  the  combinations,  categorized  by  weapon 
system,  in  each  of  the  two  range  bands. 

B-3.  TABLES  B-6  THROUGH  B-11.  The  intervisibility  combinations  in  these 
tables  have  been  identified  by  v^eapon  sysLem,  but  each  table  has  been 
arrayed  to  represent  only  one  target  vehicle  in  only  one  range  band. 
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APPENDIX  C 


PERCENTAGES  OF  TIME  IN  LOS  CONDITIONS 


C-K  TABLES  C-l  THROUGH  C-3.  The  percentage  of  total  trial  time  the 
target  vehicles  spent  in  each  LOS  condition  for  all  ranges  1s  portrayed  in 
these  tables.  Each  table  is  arrayed  with  a single  target  vehicle  against 
each  weapon  system. 

C-2.  TABLES  C-4  AND  C-5.  The  combinations  in  these  tables  identify  the 
LOS  condition  by  range  band  and  weapon  system  against  all  target  vehicles. 

C-3.  TABLES  C-6  THROUGH  C-ll . These  tables  depict  the  LOS  conditions 
categorized  by  weapon  system.  Each  table  presents  those  conditions  for  a 
single  target  vehicle  and  a single  range  band. 
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Table  C-2.  The  percentage  of  total  trial  time  spent  by  the 
XM800  Scout  1n  each  LOS  condition  as  observed  by 
each  weapon  system 
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The  percentage  trial  time  spent  in  each  LOS 
condition  for  a'^ : target  vehicles  in  range  bands 
1 and  2,  as  obso  ed  by  each  weapon  system 
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Table  C-5.  The  percentage  of  trial  time  spent  in  each  LOS 
condition  for  all  target  vehicles  in  range  bands 
3 and  4,  as  observed  by  each  weapon  system 
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Table  C-6.  The  percentage  of  trial  time  spent  In  each  LOS  concMtion 
by  the  M60A1  tank  in  range  bands  1 and  2 
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Table  C-7.  The  percentage  of  trial  time  spent  in  each  LOS 
condition  by  the  XM800  Scout  in  range  bands  1 
and  2 
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Table  C-9.  The  percentage  of  trial  time  spent  In  each  LOS 
condition  by  the  M60A1  tank  In  range  bands  3 and 
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Table  C-10.  The  percentage  of  trial  time  spent  In  each  LOS 
condition  by  the  XM800  Scout  In  range  bands  3 
and  4 
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Table  C-ll.  The  percentage  of  trial  time  spent  in  each  LOS 
condition  by  the  XM808  TWISTER  In  range  bands  S 
and  4 
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APPENDIX  D 

MATHEMATICAL  DERIVATION  OF  CUBIC  LEAST  SQUARES  FIT  POLYNOMIAL 


D-1,  STATEMENT  OF  THE  PROBLEM. 

a.  The  Range  Measuring  System  (RMS)  provided  position  data  for  the 
ATMT  target  vehicles  in  terms  of  tim,'^,  UTM  x-coordi nates , and  UTM  y- 
coordinates.  The  z-coordinate  values  were  added  by  CDEC  based  on  10-meter 
grid  aerial  survey  data  and  a cubic  spline  interpolation  technique 
(reference  1).  In  order  to  characterize  target  vehicle  movement,  it  was 
necessary  to  obtain  the  velocity  and  acceleration  in  the  UTM  coordinate 
system  as  a function  of  time. 

b.  A direct  computation  of  differences  in  the  position  coordinates 
divided  by  differences  in  time  showed  the  data  contained  far  too  many  errors 
to  give  realistic  estimates  of  velocity  and  acceleration.  Several  dif- 
ferent methods  were  tried  to  smooth  the  coordinates  and  obtain  realistic 
velocity  and  acceleration  as  functions  of  time  (reference  2).  The  methods 
considered  included  point  skipping  methods,  spline  curve  fitting,  Kalman 
filtering,  and  least  squares  curve  fitting.  The  method  selected  was  the 
fitting  of  cubic  polynomials  to  N > 4 time-coordinate  observed  data  points. 
The  velocities  and  accelerations  were  computed  from  the  first  and  second 
derivatives  of  the  positions  expressed  as  cubic  polynomials  of  the  form: 
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The  coefficients  were  actually  determined  from  a least  squares  fit  to  35 
(an  odd  number  for  symmetry  purposes)  observed  data  points. 

c.  The  d(;rivdtion  of  x(t)  is  presented  in  paragraph  D-2.  witti  the 
derivations  of  the  other  coordinates  being  similar.  This  derivation  is 
presented  since  most  books  arid  packaged  programs  employ  e(|ually  spaced 
(in  time  or  the  independent  variable)  data  points.  The  luxury  of  equally 
spaced  points  is  not  present  in  the  RMS  data.  Most,  but  net  all,  data 
[)oints  occurred  each  .1  t .01  seconds.  For  less  than  9 observed  data 
points,  the  accelerations  obtained  were  extremely  unrealistic;  e.g.,  they 
iiad  wide  variations  and  jumped  from  positive  to  negative  to  positive  in 
one-half  second.  An  autocorrelation  pr'ogram  on  some  of  the  data  suggested 
that,  at  least  20  point,>  vjore  needed  before  the  errors  (plus  some  true 
signal)  became  i ndei.)endent  of  earOi  other.  This  is  in  agreement  with  the 
heuristic  roa.ornng  that  tiie  vefiit.le  could  make  at  least  one  tu.it  not  more 
tfian  one  major  accf'l  f rat  ion  change  each,  one  to  two  seconds.  Ihis  is  the 
same  tiumlier  of  second  der  i va  t.  i vo  sign  changes  [.lossil.fle  on  each  axis  with  a 


cubic  polynomial.  The  remaining  consideration  is  determining  the  number  of 
data  points  to  use  in  order  to  obtain  both  smooth  and  realistic  velocities 
and  accelerations.  Based  upon  Calcomp  plots  of  the  resultant  velocities  and 
accelerations  as  well  as  their  components,  a 35  point  set  was  finally 
chosen  for  the  estimation  process. 

D-2.  DERIVATION  OF  THE  COEFFICIENTS. 


Analytics . The  notation  used  In  this  paragraph  is  I for  the  cumber 
of  points  fitted,  x(t)  for  the  actual  x-coordinate  (unknown),  x(t)  for  the 
observed  x-coordinate,  x(t)  for  the  smoothed  x-coordinate,  and  t,  for  the 
time  in  question  (where  (I+l)/2  i k ^ I-(I-l)/2).  With  this  notation  the 
smoothed  x-coordinate  is: 


x(:.,^)  = a^  + a^t^  + a2t,^^  + 


the  X component  of  velocity  at  is; 
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and  the  x component  of  acceleration  at  is; 
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Let  M “ (I-l)/2.  The  objective  in  least  squares  f't  is  to  minimii-t' 
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To  find  the  coefficients  by  minimizing  H,  the  partial  derivative  of  II  with 
respect  to  each  a must  be  calculated,  the  resultir.y  expressions  set  equal 
to  zero,  and  the  solved  for  each  n = 0,  1,  2,  3.  Thus,  (for  each  n): 
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and  hy  simplifyiru|  (including  switching  the  order  of  addition): 
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In  matrix  form  this  last  system  of  equations  is  BA=R  or  A=B~  R where; 


A = (a);  r = (r  );  b = (b  .); 
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(t.)'’''^  n.j  = 0.  1.  2.  3. 


t*-  Cautions . The  equations  of  the  previous  paragraph  must  be  applied 
with  care  when  programmed  on  a computer.  If  the  size  of  t.  is  large 
relative  to  t,-t.  ■.  (e.g.,  the  number  of  significant  digits  in  t.  minus  the 
number  of  significant  digits  in  t.-t.  -j  is  greater  than  machine  precision), 
then  it  is  required  to  translate  IheH^! 's  so  that  t.  =0  in  order  to 
achieve  any  numerical  accuracy.  After’a  translation  it  can  be  observed 
that  if  the  t.  were  equally  spaced,  then  B (already  a symmetric  matrix)  is 
a constant  matrix,  a fact  which  could  be  used  to  shorten  the  number  of 
computations.  If  an  orthogonal  set  of  polynomials  could  be  used  (only 
reasonably  possible  in  the  case  of  equal  spacing)  the  matrix  B would  be 
diagonal  and  easy  to  invert. 
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